ABSTRACT: Ten free-ranging female sika deer (Cervus nippon) were captured to obtain the reference values for acid-base status and blood gas when immobilized with the combination of medetomidine and ketamine. The mean Ϯ SE of PaCO 2 , PaO 2 , and HCO 3 Ϫ were 58.1 Ϯ 6.1 mmHg, 58.8 Ϯ 6.4 mmHg, and 36.0 Ϯ 4.4 mmol/l, respectively. Although acidosis and alkalosis occurred in three and two animals, respectively, no serious conditions were observed. The blood values, however, suggest that some degree of hypoxemia and respiratory acidosis with metabolic alkalosis are developed. The trapped deer showed a significantly higher than normal rectal temperature reflective of exertion.
Certain physiological and hematological values are commonly monitored on captured animals to facilitate the individual's diagnosis and assure its safety (Seal and Bush, 1987; Pond and O'Gara, 1996) . Of these measured values, acid-base status and blood gas are connected closely with mortality due to capture myopathy. The diagnosis and appropriate treatment of acidosis can reduce the risk of death of animals (Harthoorn and Young, 1974; Kock et al., 1987a) .
Since these measured values are required to be assayed immediately after collection (Hall and Clarke, 1991) , it is difficult to obtain them successfully from wild animals that are captured in the field at some distance from any laboratory or clinic. In sika deer (Cervus nippon), in spite of the fact that they are an important target species for the management in some districts of Japan (Hirakawa and Kaji, 1998) , values such as acid-base status and blood gas have not been reported. The recent development of a handheld blood gas analyzer has made it easier to determine these values in the field.
In the present study, we used a portable blood gas analyzer, i-STAT 200 and G 3 ϩ cartridges (i-STAT Corp., East Windsor, Connecticut, USA), to obtain reference values for acid-base status and blood gas in sika deer that had been immobilized with a combination of medetomidine and ketamine. In addition, this study verified the safety of the cloth trap, Alpine Capture System (Alpine Deer Group Ltd., Wanaka, New Zealand), that is used commonly to capture wild deer in Japan and other countries (Oi and Suzuki, 1992; Uno et al., 1996) .
Field work was conducted on the Nakanoshima Islands (140Њ51ЈE, 42Њ36ЈN) located in Lake Toya in the southwest of Hokkaido (Japan). Sika deer were introduced to these islands in 1957, 1958, and 1965 from the Hidaka sub-prefecture of Hokkaido (Japan). Their population density in 1998 was about 39 deer/km 2 (K. Kaji, pers. comm.) .
Blood samples were collected from 10 hinds between May and August 1999. Five animals (Group A) were shot directly with a dart gun (2V. 310, Telinject, Rö merberg, Germany). Since they were not able to run a long distance after having been shot, we considered them to be unexcited animals. Five other hinds (Group B) were enclosed with the Alpine Capture System. After being trapped, these animals were darted immediately using a hand-made blowpipe (3 ml dart with 1.2 ϫ 38.0 mm needle) or with the dart gun as used by Uno et al. (1996) and Tsuruga et al. (1999) . Animals in Groups B walked or ran around in the trap for 6.0-13.0 minutes before induction. They were therefore considered to be more excited than the animals in Group A. All of the deer were immobilized with the combination of 1.0 mg/ml medetomidine (Domitor, Orion Corp. Farmos, Turku, Finland) and 200 mg/ml ketamine (Ketamine, Sankyo, Tokyo, Japan). Dosages were based upon data from sika deer (Tsuruga et al., 1999) , but they varied from individual to individual on the basis of estimates of the animals' weight. The mean Ϯ standard error (SE) of the dosage of medetomidine and ketamine was 63.4 Ϯ 17.3 g/kg and 4.54 Ϯ 1.31 mg/kg, respectively. According to the Mann-Whitney U-test (Sokal and Rohlf, 1995) , there were no significant differences (P Ն 0.05) in dosages between the two groups, and no serious conditions were observed during immobilization. The healthy survival of all animals was confirmed by a field survey conducted in December 1999.
Blood was sampled from the femoral artery at 45.3 Ϯ 12.4 (mean Ϯ SE) minutes after the darting, then pH, PaCO 2 , PaO 2 , and HCO 3 Ϫ were immediately assayed using i-STAT 200 and G 3 ϩ cartridges. To achieve temperature correction, the rectal temperature at the time of blood sampling was scaled using digital clinical thermometer, ET-C202P (Terumo Corp., Tokyo, Japan), and input to the analyzer during the assay. Referred to Sokal and Rohlf (1995) , reported statistics are based on the MannWhitney U-test.
The mean Ϯ SE of sample time after darting, rectal temperature, pH, PaCO 2 , PaO 2 , and HCO 3 Ϫ for each group are listed in Tables 1. Significant differences were found in rectal temperature (P Ͻ 0.01) between groups, however, not found in sample time and all blood values (P Ն 0.05). So the results for all animals are also listed in Table 1 . Acidosis (Յ pH 7.35) and alkalosis (Ն pH 7.45) were observed in three (two in Group A and one in Group B) and two deer (one in Group A and another in Group B), respectively, however no serious cases (Յ pH 7.30 or Ն pH 7.50) occurred. The rectal temperature exceeded 40 C in only one animal in Group B.
Medetomidine is a new alpha2-agonist and is used to immobilize and relax various wild animals because it has produced excellent results in a wide range of species (Jalanka and Roeken, 1990; Hall and Clarke, 1991) . Effective immobilization of sika deer using medetomidine combined with ketamine has also been reported (Tsuruga et al., 1999) . In the present study, no mortality occurred, and the acid-base status/blood gas values were within or not far from general normal limits. Therefore, we considered that the medetomidine-ketamine mixture had a safe and stable effect when used in sika deer. The acid-base status/blood gas data obtained in this report may be used as reference values for sika deer immobilized by this mixture.
Some capture procedures or traps excite animals excessively and cause significant changes in their physical condition (Harthoorn and Young, 1974; Kock et al., 1987b; Seal and Bush, 1987) . In zebra (Equus burchelli) and bighorn sheep (Ovis canadensis), significant decreases in blood pH were reported in cases of mortality due to capture myopathy (Harthoorn and Young, 1974; Kock et al., 1987b) . Excited Pere David's deer (Elaphurus davidianus) that had been immobilized with a combination of etorphin and xylazine have shown significant differences from unexcited animals in terms of acid-base status/ blood gas values (Smeller et al., 1976) . The cloth trap used in the present study, the Alpine Capture System, is commonly used in Japan and has been shown to provide several advantages in the capture of sika deer (Oi and Suzuki, 1992; Uno et al., 1996) . However, the safety of this device for captured animals has not yet been proven from the viewpoint of clinical science. In the present study, trapped deer did not show significant differences from non-trapped deer in acid-base status/blood gas values, and all of the deer studied survived healthily for months. Therefore, our results suggest that the excitement and stress caused by the cloth trap were not so severe as to cause significant changes in the physical conditions of the deer. However, the significantly higher rectal temperatures in trapped deer should receive close attention, as white-tailed deer with rectal temperatures of 40 C or higher have been shown to be much more vulnerable to capture mortality (Seal et al., 1978) . Any animals showing severe exertion in the trap should be released immediately or treated well for high temperature and/or acidosis, as suggested by Kock et al. (1987a) , Spraker (1993) , and Williams and Thorne (1996) .
While the occurrence rates of acidosis (30%) and alkalosis (20%) found in the present study were not low, no serious cases were occurred. Since any significant symptoms and complications were not observed also, these occurrence rates and levels were considered to be within the acceptable range for sika deer immobilized with the medetomidine-ketamine mixture. Comparatively higher values of PaCO 2 and lower PaO 2 probably represent some degree of hypoxemia, and suggest that most animals developed respiratory acidosis. Therefore, higher value of HCO 3 Ϫ is considered to be due to metabolic alkalosis developed as a metabolic compensation for the respiratory acidosis. The values of pH, PaCO 2 , PaO 2 , and HCO 3 Ϫ in sika deer observed in this study were somewhat different from the values that have been observed in other ruminants such as forest reindeer (Rangifer tarandus fennicus), chamois (Rupicapra rupicapra), fallow deer (Dama dama), and markhor (Capra falconeri megaceros) (Jalanka, 1989; Jalanka and Roeken, 1990) . This finding may be due to variation among species in terms of respiration, as reported by Jalanka and Roeken (1990) .
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